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Abstract 
Science, technology, engineering and mathematics (STEM) has become an 
educational package emerging throughout the world (e.g. UK, China, US & 
Australia). Although science, technology and mathematics are taught in schools 
and engineering education occurs in universities, there appear to be few if any 
explicit engineering education programs in primary and junior secondary schools. 
A stronger inclusion of engineering education at these levels could assist students 
to make informed decisions about career opportunities in STEM-related fields. 
This paper suggests how engineering education can be integrated with other key 
learning areas such as English, mathematics, science, history and geography 





Science, technology, mathematics and engineering (STEM) careers are evident throughout 
history. Science had a place before the time of Plato and Aristotle. The use of technology 
gradually increased from early human inventions (e.g. Indigenous tools and weapons), rose 
dramatically through the industrial revolution and escalated exponentially during the 20
th
 
century, particularly with the advent of the Internet. Engineering accomplishments were 
evident in the constructs of early civil works, including roads, and structural feats such as the 
Egyptian pyramids. Although mathematics was not as clearly defined BC (Seeds, 2010), it 
was utilised extensively during the last two millennia (e.g. Archimedes, Kepler, Newton) and 
paved its way into education as an essential tool for discovering new possibilities.  
 
The combination of STEM areas presents a unique educational package of learning 
opportunities that can offer substantial career options. Science and mathematics are well 
represented in the Australian Curriculum (ACARA, 2012) and technology permeates manual 
arts, media studies, computer applications and elsewhere. STEM is a relatively new term, 
which was highlighted by the Committee on Prospering in the Global Economy of the 21
st
 
Century (2007). Indeed, it is recognised that hands-on engineering experiences encapsulate 
curricula integration, particularly when students explore, experiment and communicate 
solutions to authentic engineering problems (English & Mousoulides, 2009); however 
engineering education is yet to take root in Australian schooling systems (Bullen & Haeusler, 
2010).  
 
Engineering education and employment 
Engineering education is acknowledged globally as a potential employment generator. Australia 
has a high demand for engineers across the various fields of engineering, for instance, “the supply 
of engineers grew from 242,200 in 2001 to 366,600 in 2010, an overall increase of 124,400, or 
over 51%” (http://www.engineersaustralia.org.au/about-us/statistics#FAQ4). The US President 
allocated $3.7 billion for STEM education (National Institutes of Health, 2010) and the UK has 
established national STEM networks (Department for Children, Schools and Families, 2010; see 
also http://www.nationalstemcentre.org.uk/stem-in-context/what-is-stem). Yet, the engineering 
component of STEM does not have prominence in Australian school systems, even though 
engineering education can be noted incidentally in exploratory work. To illustrate, over a three-
year period the Australian Government allocated small grants for schools and partnership 
organisations and institutes to undertake project work in the fields of science, mathematics and 
technology. There were 355 Australian school innovation in science, technology and mathematics 
(ASISTM) grants, of which 83 combined all the STEM areas, including engineering education 
(Department of Education, Science and Training, [DEST], 2007). Engineering opportunities can 
excite students’ interest in these fields (Cheng, 2008); nevertheless the isolated ASISTM 
innovations across the country tended to lack national ongoing impact.  
 
In addition university enrolments in STEM areas need to meet career demands, particularly in the 
engineering education field, and more so for females who are under-represented in the 
engineering sector. There are between 11-16% of undergraduates enrolled in engineering across 
Australian universities with significantly lower enrolments for females. Low female enrolments 
may be attributed to certain femininities and masculinities associated with engineering (Foor & 
Walden, 2009) or possibly a lack of knowledge about the nature of engineering and its potential 
opportunities. This anomaly of lower female enrolments appears largely as a global issue (Myers 
& Myers, 2008), instigating further calls for less stereotyping and greater gender equity in the 
STEM areas (Leicht-Scholten, Weheliye, & Wolffram, 2009).  
 
Despite an increase in engineering positions, the limited university enrolments in engineering, and 
the large discrepancies in female representation in this field, engineering education does not have 
a high profile in the Australian education system (Bullen & Haeusler, 2010). School students need 
to be exposed to engineering education if they are to make informed career choices (and 
university enrolment decisions) towards filling available positions. Instead, Australia continues to 
import engineers from overseas to do work that may be provided to Australians (e.g. Iron ore 
project at Pilbara, Sydney Morning Herald, 26 May 2012). The Melbourne Declaration 
(Ministerial Council on Education, Employment, Training and Youth Affairs [MCEETYA], 2009) 
incorporated an agenda to build capacity of STEM teachers with some Australian universities and 
other organisations positioning themselves for STEM education (e.g. QUT Science & Technology 
Precinct, www.qut.edu.au); however engineering education appears to be largely absent in school 
curriculum documents. Employing science and mathematics to develop technologies through the 
use of information communication technology (ICT) has facilitated engineering advancements 
across a range of fields (e.g. chemical, structural, mechanical, civil, software). The abundance of 
engineering positions and scope for increased technological developments suggest engineering 
education should begin earlier in school systems (e.g. primary schools). Yet, maybe, there is not 
enough information on how to implement engineering education in schools.  
 
Engineering education across the Australian Curriculum 
Science and engineering are clearly linked, yet the only mention of engineering in the 
Australian Curriculum: Science for primary is an elaboration of the Year 4 content 
description ACSHE062, which suggests: “Investigating how a range of people, such as 
clothing designers, builders or engineers use science to select appropriate materials for their 
work” (ACARA, 2012, p. 13). In the secondary years of the Australian Curriculum: Science, 
there is no statement about engineering for Year 7; Year 8 has one statement “considering 
how engineers improve energy efficiency of a range of processes”; Year 9 has one statement, 
“recognising aspects of science, engineering and technology within careers such as medicine, 
medical technology, telecommunications, biomechanical engineering, pharmacy and 
physiology”; and Year 10 has three statements about engineering.  
 
Although cross-curriculum links are features of the Australian Curriculum, explicit mention 
of engineering education concepts is minimal. It could be expected that engineering 
education might have a place in a technology syllabus, yet searching for the term “engineer” 
in the NSW Technology syllabus for Years 7 and 8 (Board of Studies, New South Wales, 
2003) produced no results. However, NSW is in the process of developing a new technology 
syllabus titled, Technological and Applied Studies, for future implementation. In February 
2013, a draft of the Australian Curriculum: Technologies from Foundation to Year 8 was 
available for consultation and has provided engineering principles and systems for 
Foundation to Year 8. Nevertheless, this draft provides only one engineering-related 
descriptor that targets Year 7 and 8 students: “Analyse how motion, force and energy, are 
related and interact with the properties of materials and components in electromechanical 
systems and the ways these systems can be manipulated and controlled in simple, engineered 
designed solutions” (ACARA, 2013, p. 32). This implies that engineering education is a 
consideration but may lack prominence in such a curriculum.  
 
This paper explores the interconnectedness between the Australian Curriculum and a program of 
engineering education that was implemented in three private Queensland schools (two single-sex 
schools, one male and one female, and one co-educational school) over a three-year longitudinal 
study within the middle years of schooling (i.e. year 7 in 2009; year 8 in 2010, year 9 in 2011). 
Other than minor enrolment changes, the same groups of students were involved in the study over 
this extended period. The first year of engineering education (year 7) for these schools involved a 
series of civil engineering activities focused on building bridges over five lessons. The lessons, 
which were taught by the science teachers in the schools, included: learning about civil engineers 
and their work; exploring the types and structures of bridges in the local area; investigating key 
engineering concepts aligned with bridge construction (e.g. compression, tension, reinforcement, 
strength, structural shapes); designing, constructing, testing, and evaluating a small-scale truss 
bridge made from straws and paddle pop sticks; and reflecting on the work of civil engineers 
within monetary and resource constraints.  
 
This activity presented fundamental experiences in STEM where Year 8 students, in the second 
year of the project, learnt about simple machines towards designing and constructing a catapult 
(trebuchet). The key engineering concepts were based around levers as force multipliers, incline 
planes and screws, wheels and axles, and pulleys, all of which needed to be considered in their 
catapult challenge. The ‘simple machines’ unit extended over 18 x 45-minute lessons. Each 
activity provided background information and experimental preliminary activities for 
understanding key concepts.  
 
The third year engaged Year 9 students in exploring water filtration, sound engineering, and 
foundational structures. The following provides further insights into some of these engineering 
activities with links to the Australian Curriculum across five key learning areas, namely: (1) 
mathematics, (2) science, (3) history, (4) geography, and (5) English.  
 
Mathematics and engineering education 
Mathematics is integral for learning about engineering and assists students to understand how 
to apply mathematics in real-world circumstances (English & Mousoulides, 2011). It is 
argued that practical engineering experiences allow students to consider design processes that 
draw on mathematical problem solving and reasoning (English & Mousoulides, 2009). To 
illustrate, the development of mathematics education within the engineering education 
learning program with Year 7 students, as previously noted, investigated bridges and bridge 
designs for determining how they would construct their own bridge and test its strength by 
placing metal weights on the bridge. Their investigations lead them to identify the various 
shapes in bridges, such as the use of triangles in the truss bridge (Figure 1). 
 
INSERT FIGURE 1 ABOUT HERE 
 
The Year 7 students combined their mathematical learning in the engineering education class 
by drawing upon Pythagorean Theorem. They applied their knowledge of this theorem by 
calculating the length of the third side (c) after knowing the lengths of the other two sides (a 
and b). Students’ learning about triangles associated with bridge designs was scaffolded by 
their learning experiences with triangles in maths, which is aligned with content description 
ACMMG165: “Classify triangles according to their side and angle properties and describe 
quadrilaterals” (ACARA, 2012, p. 47). Use of the algebraic formulae of a2+b2=c2 for 
Pythagorean Theorem also aligns with the mathematics content description: “Establish the 
formulas for areas of rectangles, triangles and parallelograms and use these in problem 
solving (ACMMG159)” (ACARA, 2012, p. 47). These algebraic equations using graphical 
techniques can scaffold year 7 students towards their forthcoming year 8 mathematics (see 
ACARA, 2012, p. 52) through the practical engineering education applications (e.g. 
understanding bridge designs).  
 
Mathematics was used in all aspects of the project across the three years. Mathematical 
calculations ranged from applying previously-learnt formulas to the introduction of new 
concepts. For example, Year 8 students had opportunities to learn about forces and vectors 
where the length of the arrow shows the size of the force, and the direction of the arrow 
indicates which way the force is acting. These lengths were measured in centimetres and the 
masses were measured in grams and kilograms. This allowed students to determine the force 
in Newtons (N) that also lead to calculating the catapult’s mechanical advantage (i.e. 
load/effort). For example, if a machine is used to move a 100N load (i.e. a 10kg object) using 
an effort of 20N, the mechanical advantage is 5 (i.e. 100 ÷ 20). The Year 8 students learnt 
that, generally, a machine is more useful with a higher mechanical advantage. Using 
mathematics in practical problem-solving ways has long been noted as an effective strategy 
for learning (Charles & Silver, 1989), and applying mathematics within engineering activities 
provided authentic contexts for the students in this project.  
 
Science and engineering education 
Engineering education uses scientific concepts for designing and making technology that can 
be useful for society. Year 9 students involved in this project investigated three different 
activities, namely: (1) water filtration, (2) hearing protection, (3) foundation structures (e.g. 
pylons for wind turbines). Understanding scientific concepts in each of these three topics 
aided the engineering process. To illustrate, the water filtration required students to determine 
water quality through a series of tests (i.e. conductivity/Total dissolved solids [TDS], 
hardness, pH, alkalinity, turbidity, and colour [iron, manganese]). Students developed 
scientific knowledge around conducting each test, for instance, a pH test necessitated 
understanding pH colours and associated levels (acidity, neutrality, & alkalinity) to interpret 
results. Students also provided descriptions and health and safety notes regarding optimal 
levels aligned with each test. These students developed their scientific knowledge in each of 
the Year 9 science inquiry skills listed in the science curriculum. For example, one content 
description (ACSIS165) states, “Plan, select and use appropriate investigation methods, 
including field work and laboratory experimentation, to collect reliable data; assess risk and 
address ethical issues associated with these methods” (ACARA, 2012, p. 61). The strong 
connection between science and practical applications of engineering education, where these 
students designed a water filtration system and used pre-post tests to measure the water 
quality, presented more purposeful learning of science.  
 
As another example, the Year 8 students needed to learn about levers, pulleys, inclined plans, 
wheels and axles when designing, making and testing the catapult described previously.. 
Each of these areas has scientific concepts that connect with the Year 8 science curriculum. 
In particular, they relate to the content description ACSSU155 through the suggested 
elaboration “recognising that kinetic energy is the energy possessed by moving bodies” 
(ACARA, 2012, p. 52); and to ACSHE227  through the elaboration “considering how 
engineers improve energy efficiency of a range of processes” (p. 54). Identical with 
engineering education approaches, the science inquiry approach focuses strongly on 
collaboration for problem solving, using fair tests and measures as indicated by these three 
Year 8 science inquiry skills:  
 Collaboratively and individually plan and conduct a range of investigation types, including 
fieldwork and experiments, ensuring safety and ethical guidelines are followed (ACSIS140). 
 Identify questions and problems that can be investigated scientifically and make predictions 
based on scientific knowledge (ACSIS139).  
 In fair tests, measure and control variables, and select equipment to collect data with accuracy 
appropriate to the task (ACSIS141) (pp. 54-55) 
Undertaking engineering education activities within science classes would complement the 
Australian Curriculum: Science with the additional benefit of investigating authentic 
problems to stimulate students’ thinking in these areas.  
 
History and engineering education 
History and engineering education have clear links, as all engineering designs and structures 
have an historical-cultural background. This infers that junior secondary teachers can plan 
complementary programs that develop concepts for students in a more holistic way. For 
example, history can be linked to engineering activities around the Year 8 catapult challenge 
and the various concepts (i.e. inclined planes, pulleys, levers, wheels and axels). The 
following provides an illustration about incline planes and levers within an historical context.  
Incline planes: The pyramid blocks were hewn from quarries using stone and copper tools 
and transported to the pyramid site using barges and/or wooden sleds. The Egyptians did not 
use the wheel during the Pyramid Age, an invention in its primitive form that would have 
been of limited used on softer ground under heavy loads. The sleds were dragged manually, 
sometimes with the help of large animals, over smoothed roads. Some of the existing 
pathways were equipped with transverse wooden beams to lend support to the sled. A 
lubricant may have been poured upon the road to reduce friction. How the massive blocks 
were raised to the height of the rising pyramid is not understood for certain yet earthen ramps 
were used at least in the initial stages of construction. For instance, earthen ramps have been 
found at the pyramids of Amenemhat I and Senwosret I at Lisht 
(www.http://www.catchpenny.org/howbuilt.html), as well as at several other sites.  
 
The catapult challenge required students to use incline planes in their designs. Although this 
catapult challenge, with the varied science concepts, was originally designed as a Year 8 
activity, it may be assigned to a Year 7 class. For instance, the historical skills can be aligned 
with the Year 7 science and history knowledge noted in the inclined planes for building 
pyramids, such as one of the elaborations for the Australian Curriculum: History content 
description (ACDSEH033) which reads, “generating alternative explanations for the building 
of the pyramids at Giza” (ACARA, 2012, p. 41). Similarly, the use of pulleys around 
1100AD to build churches and cathedrals has an historical basis and levers used by early 
Egyptians c2000BC to draw water from the Nile River can stimulate students’ thinking about 
simple machines in both historical and engineering ways.  
 
Geography and engineering education 
Engineering occurs across a wide range of geographical locations. The water filtration 
activity required Year 9 students to locate water sources around the Earth and identify the 
types of water storage systems that can be used by humans.  The Year 9 students learnt about 
the water cycle and how it contributes to dam systems that are established in strategic 
locations. For instance, there are 14 major river catchments in South East Queensland; the 
largest is the Brisbane River catchment, which flows directly into Moreton Bay, and many 
dams (e.g. Wivenhoe, Somerset, and North Pine) that contribute to the South East 
Queensland water supply system (www.http://www.seqwater.com.au/public/home). 
Understanding the location of these systems can help students to rationalise engineering 
endeavours that capitalise on geographical knowledge.  
 
Another example of the links between geography and engineering is the exploration of 
foundational structures (homes, schools, skyscrapers, bridges, and parking stations). The soil 
type and density must be considered when building any structure, as this determines the type 
of construction materials to be used and the type of foundation (e.g. concrete depth). 
Geological surveys provide crucial information to engineers to undertake design and 
construction tasks successfully. Geographic studies can be enhanced by incorporating 
foundational structures to draw on students’ interests (e.g. pyramids, Tower of Pisa, Great 
Wall of China). Indeed, geography and environmental engineering are inseparable 
(http://engineering.jhu.edu/~dogee/). There are also cultural understandings that pertain to 
engineering applications, linking geographical locations (e.g. traditional Japanese buildings 
and Japanese software programs). Geography high school teachers could coordinate 
programs with science teachers to integrate engineering education activities that capitalise on 
geographical and scientific concepts.  
 
English and engineering education  
Engineering education can provide contexts for literacy development, where authentic 
activities can engage students in increasing vocabulary and applying new knowledge 
accordingly. Learning undertaken by middle-school students in this project involved literacy 
development, including reading and writing. For instance, Year 9 students were involved in 
various engineering education activities, one of which was titled “Foundational structures”. 
The student booklet was devised as a university-school initiative that would allow interaction 
with engineering education. This activity required groups of students to use English skills 
(e.g. reading, writing, speaking and listening) to consider how to design and construct pylons 
as a foundational structure. The link to the Australian Curriculum: English content 
description ACELY1811 was apparent through the elaboration: “participating in pair, group, 
class, school and community speaking and listening situations, including informal 
conversations, discussions, debates and presentations” (ACARA, 2012, p. 89).  
 
If the same activity were presented at a Year 7 level, the English skills embedded into this 
work could be related directly to  content description ACELY1722 through the suggested 
elaboration: “identifying cause and effect in explanations and how these are used to convince 
an audience of a course of action” (ACARA, 2012, p. 74). Indeed, constructing the pylons 
using different ratios of materials (e.g. cement, gravel, sand, water) and testing the strength of 
these pylons provided ways for students to explain the results and convince others from 
empirical evidence that particular ratios of materials provide greater strength.  
Furthermore, this activity required small groups of students to work collaboratively by 
conversing with others in their groups and listening to their ideas. Their conversations were 
sustained articulations of ideas within informal settings where they clarified meanings to 
complete an engineering education task. Once more, the Year 7 Australian Curriculum can be 
linked to this type of activity: “using effective strategies for dialogue and discussion in a 
range of formal and informal contexts, including speaking clearly and coherently and at 
appropriate length, clarifying and rephrasing comments of others” (elaboration for the content 
description ACELY1804, ACARA, 2012, p. 74). 
 
Other activities conducted in this engineering education project facilitated English language 
engagement aligned with content descriptions. To illustrate, Year 8 students were required to 
design and make a catapult using levers, inclined plans, wheels, axels and pulleys (see 
Hudson, English, & Dawes, 2012). One of the activities required the students to write a 
paragraph explaining the concepts around the catapult design, construction, testing and 
evaluation. The catapult designs and results from experimentation were reported to the class 
to indicate their knowledge and the development of an engineering education discourse. Clear 
connections can be noted in content description ACELY1733 in the Australian Curriculum: 
English (ACARA, 2012), which states, “Apply increasing knowledge of vocabulary, text 
structures and language features to understand the content of texts” (p. 82).  
 
Conclusion 
Engineering education can connect across many subject areas to provide rich and meaningful 
learning experiences for students. Even though students can use engineering content to develop 
scientific and mathematical understandings, it can also be used to develop literacy, and create 
forums for presenting historical and geographical knowledge. Yet, engineering education needs to 
have its own place in the curriculum, especially within STEM education. The “E” is currently 
missing from the curriculum (Bullen & Haeusler, 2010) and, despite the calls for embedding 
engineering education in schools to address university enrolments and engineering demands, the 
“E” continues to evade most schools’ curricula. Innovative projects, such as the ASISTM and the 
learning project highlighted in this paper, present ways to successfully implement engineering 
education, though outcomes need to be more sustainable.  
 
School students need to be provided with engineering learning opportunities that can assist their 
decisions about career options (Cantrell & Ewing-Taylor, 2009).  There is hope that the new 
Technological and Applied Studies in NSW curriculum will lead to more engineering being taught 
in schools, particularly as it will be difficult for universities to increase enrolments significantly 
without embedding engineering education at the school level. This paper shows how engineering 
education, as a hands-on, problem-solving endeavour, has significant integration prospects across 
the Australian Curriculum; nevertheless it also needs to be considered as a curriculum area in its 
own right.    
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Figure 1. Bridges with triangular designs. 
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